The nutritional value of the rhizomes of Kaempferia angustifolia was measured through the antioxidant properties of various extracts and the determination of the bioactive compounds. The chloroform and methanol extracts of the rhizomes of Kaempferia angustifolia showed strong free radical scavenging activities against 1,1-diphenyl-2-picrylhydrazyl (DPPH) with values of 615.92 mg Trolox equivalent (TE)/g each. The methanol extract also exhibited the strongest antioxidant properties in the azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) assay with a value of 38.87 mg TE/g. The hexane extract gave the strongest reducing ability in cupric reducing antioxidant capacity (CUPRAC) assay with a value of 901.76 mg TE/ g, whilst the ethyl acetate extract exhibited the strongest reducing ability against ferric reducing antioxidant power (FRAP) with a value of 342.23 mg TE/g. Column chromatographic separation on the rhizomes of Kaempferia angustifolia afforded boesenboxide (1), crotepoxide (2), 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3), kaempfolienol (4), and zeylenol (5), which were elucidated by spectroscopic methods. Kaempfolienol (4) was the strongest free radical agent against DPPH with a value of 443.92 mg TE/g, whilst 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) exhibited the strongest antioxidant properties with values of 42.23, 1497.22, and 781.53 mg TE/g against ABTS, CUPRAC, and FRAP assays, respectively.
Introduction
Metabolism of cell tissues is an essential process for human beings, and it produces oxidant byproducts such as reactive oxygen species (ROS) and reactive nitrogen species (RNS). However, excessive production of ROS and RNS can induce oxidative stress, leading to cellular macromolecule damages including DNA lesion and subsequent cellular apoptosis. Free radical-induced oxidative stress has been correlated to various pathogenesis and pathophysiology of chronic diseases including cataract, aging, atherosclerosis, Alzheimer's disease, Parkinson's disease, osteoarthritis, diabetes, and cancer as reported earlier. [1] [2] [3] [4] Previous studies have shown that dietary antioxidant is a good cancer preventive agent, and antioxidants have been a well-practiced prescription medicine in cancer treatments to reduce side effects and increase the response rate of the therapies.
α-tocopherol are among the examples of botanical constituents that have been reported to exert good antioxidant and anticancer properties. [7] Zingiberaceae is the largest ginger family of Angiosperms comprising more than 1300 species which have been commonly used as spices and medicinal herbs. [8] [9] [10] Kaempferia is one of the genus under the ginger family which is composed of approximately 60 species of small rhizomatous herbs, with some being medicinal rhizomes. One of the medicinal rhizomes of the genus is Kaempferia angustifolia Rosc. in Java. [11] K. angustifolia is less well-known in Malaysia as compared to other Kaempferia species such as Kaempferia rotunda Linn and Kaempferia galanga Linn. It is stemless and tuberous and is distributed widely in forests of Western and Central Java of Indonesia as well as some parts of Thailand. It is locally known as Kunci pepet, Kunci menir, Kunci kunot, and Thao Nhang Haeng. [12] K. angustifolia has a pleasant smell and is often used as masticatory by locals for medicinal purposes such as remedy for cold, cough, stomach ache, diarrhoea, fever, and dysentery. It was reported that phytochemicals including chalcone, triterpene, and cyclohexane oxide derivatives as well as the hexane extract of K. angustifolia exhibited prominent cytotoxicity towards human promyelocytic leukaemia (HL-60) and human breast adenocarcinoma (MCF-7) cell lines. [13, 14] Previous studies on the species were mostly carried out on the insecticidal, anti-inflammatory, and anticancer properties of the plant and phytochemicals, and these have shown promising results indicating the potential of phytochemicals and extracts of the species to be developed as pharmaceutical and health-promoting product. [14, 15] However, limited studies have been carried out especially on the antioxidant aspects of the plant and its phytochemicals, which thus sparked our interest to study the antioxidant properties of the plant. In this study, the phytochemistry and antioxidant properties in terms of free radical scavenging activities and reducing capacities of the K. angustifolia will be reported.
Methods

Plant material
The rhizomes of K. angustifolia were collected from Java, Indonesia, in 2001 and were identified by Dr. Sugeng Riyanto from Faculty of Pharmacy, Gadjah Mada University. The voucher specimen (No. 16/SR/0601-01) was deposited at the Herbarium of the institution. The plant sample was air dried and cut into small pieces prior to extraction.
Preparation and extraction of plant material
The plant sample (500 g) was extracted successively with hexane, chloroform, ethyl acetate, and methanol. Each solvent extraction which lasted for 3 days (72 h) was repeated twice with the same solvent system. The filtrate was concentrated under reduced pressure using rotary evaporator to give a pale yellow semi-solid residue of hexane extract (2.0 g), a dark green gummy residue of chloroform extract (9.0 g), a yellow semi-solid residue of ethyl acetate extract (2.0 g), and a dark brown gummy residue of methanol extract (2.0 g).
Fractionation and isolation of chemical constituents
The extracts were gravity chromatographed under silica gel Merck Kieselgel 60 PF 254 and No. 9385 (230-400) mesh using solvent mixtures of hexane, ethyl acetate, and methanol in the order of increasing polarity as eluents. Fractions were collected and pooled on the basis of their similarities in thin-layer chromatography (TLC) profiles. All TLC analyses were conducted on Merck DC-Alufolien 60 F 254 and Merck DC-Plastikfolien 60 F 254 . The potential fractions were further purified by column chromatography and recrystallization to give pure compounds.
The isolation and purification of the chloroform extract resulted in colourless needles of boesenboxide (1, 5.1 mg) and crotepoxide (2, 22.8 mg) along with an amorphous white solid named zeylenol (5, 100. 0 mg) and white needles of kaempfolienol (4, 4.0 mg). The ethyl acetate extract was gravity chromatographed to give yellow crystals of 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3, 19.9 mg), kaempfolienol (4, 6.0 mg), and crotepoxide (2, 100.0 mg). The fractionation and separation of the methanol extract gave 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3, 23.4 mg), zeylenol (5, 230.1 mg), and boesenboxide (1, 5.0 mg).
Characterization of chemical constituents
The structures of the chemical constituents were elucidated using spectroscopic techniques including fourier transform infrared spectroscopy (FTIR), liquid chromatography mass spectrometry (LCMS), electron impact mass spectrometry (EIMS), ultraviolet-visible (UV-Vis) and nuclear magnetic resonance (NMR) as well as by comparison with literature. [13, 16, 17] In vitro antioxidant assays
The nonenzymatic antioxidant properties of the extracts and isolated chemical constituents of the plant were evaluated through hydrogen atom transfer (HAT)-and single-electron transfer (SET)-based methods. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) were mixed HAT-SET-based assays, while CUPRAC and FRAP assays were SET-based assays. [18] The assays investigated the free radical scavenging activities or reducing capacities of the extracts and chemical constituents by employing chromogenic redox reagents. All samples were prepared in concentrations of 1000 ppm. 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) was used as the standard in the assays. The antioxidant properties of the samples in the assays were expressed in mg Trolox equivalent (TE)/g of sample, and the calibration curve of Trolox was plotted to evaluate the antioxidant properties of the sample. The absorbance of the sample mixtures in the assays was read via spectrophotometer (BMG Labtech, Germany). All the assays were done in duplicate and were repeated thrice independently. The results were expressed as the mean ± standard deviation (SD).
DPPH assay
The free radical scavenging activity of the sample was determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH) based on the method described previously. [19] In short, the methanolic DPPH stock solution was prepared by dissolving 40 mg of DPPH in 100 mL methanol. The stock solution was diluted to obtain the absorbance of 1.0 ± 0.01 unit at a wavelength of 517 nm. A sample of 50 µL was mixed with 1.0 mL of methanolic DPPH solution and was allowed to stand in the dark for 30 min at room temperature. The free radical scavenging activity of the sample was measured by spectrophotometer (BMG Labtech) at a wavelength of 517 nm.
ABTS assay
ABTS was used as the chromogenic reagent to determine the free radical scavenging activity of the sample according to the method reported previously [20] with minor modification. Briefly, the working solution was prepared by mixing 7.4 mM of ABTS solution and 2.6 mM potassium persulfate (K 2 S 2 O 8 ) solution and was allowed to stand in the dark for 12 h at room temperature to generate the ABTS radical cation. The working solution was diluted to obtain an absorbance of 1.1 ± 0.02 unit at a wavelength 734 nm. About 1.0 mL of diluted working solution was then mixed with 50 µL of sample or Trolox standard and was allowed to stand in the dark for 30 min at room temperature. The free radical scavenging activity of the sample was measured by spectrophotometer (BMG Labtech) at a wavelength 734 nm.
CUPRAC assay
The reducing power of the sample was evaluated by using the adapted method described previously- [21] with slight modifications. In brief, the CUPRAC reagent was prepared by mixing 10 mM copper (II) chloride (CuCl 2 ), 7.5 mM neocuproine (Nc), and 1 M ammonium acetate buffer of pH 7.0. About 1.0 mL of CUPRAC reagent was mixed with 50 µL of sample or Trolox standard and was allowed to stand in the dark for 30 min at room temperature. The reducing power of the sample was measured by spectrophotometer (BMG Labtech) at a wavelength of 450 nm.
FRAP assay
The reducing capacity of the sample was investigated by applying the method reported previously. [19] Briefly, the FRAP reagent was freshly prepared by mixing 300 mM acetate buffer of pH 3.6, 10 mM of 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) in 40 mM hydrochloric acid (HCl), and 20 mM iron(III) chloride hexahydrate (FeCl 3 -6H 2 O). About 1.0 mL of FRAP reagent was mixed with 50 µL of sample or Trolox standard and was allowed to stand in the dark for 30 min at room temperature. The reducing capacity of the sample was measured by spectrophotometer (BMG Labtech) at a wavelength of 595 nm.
Results
Identification of compounds 1-6
Phytochemical study of the rhizomes of the K. angustifolia afforded several classes of secondary metabolites including cyclohexane oxide derivatives, terpene, and flavonoid. Cyclohexane oxide derivatives were the major compounds present in the plant. NMR spectra data were in good agreement with previously reported data. [13] Kaempfolienol ( : 3431 (OH), 2938, 1723, 1463, 1378, 1027 (C-O); UV (EtOH) λmax, nm (log ԑ): 276 (2.27), 204 (3.69); 1D and 2D NMR spectra data were in good agreement with previously reported data. [13] Zeylenol ( and 2D NMR spectrum data were in good agreement with previously reported data. [13] The structures of the chemical constituents isolated from the plant species are shown in Fig. 1 .
Antioxidant properties of extracts and isolated compounds
The antioxidant properties of the plant extracts and isolated compounds in this study were evaluated by measuring the abilities of the extracts and compounds to scavenge free radicals, DPPH• and ABTS + • in DPPH and ABTS assays, respectively, and reduce the copper(II) ion (Cu 2+ ) and iron(III) ion (Fe 3+ ) in CUPRAC and FRAP assays, respectively. This is the first report of the antioxidant properties of extracts and phytochemicals of K. angustifolia against DPPH, ABTS, CUPRAC, and FRAP assays as shown in Table 1 . 
DPPH radical scavenging properties
DPPH is a stable organic nitrogen-centred free radical that can be scavenged by electron or hydrogen atom donation from antioxidant through SET or HAT mechanism. [20] DPPH radical acts as a chromogenic redox reagent to indicate the endpoint of antioxidant reaction. As shown in Table 1 , both the chloroform and methanol extracts showed similar strengths against DPPH radical with a value of 615.92 mg TE/g. Meanwhile, kaempfolienol (4) is the strongest radical scavenger with a value of 443.92 mg TE/g. The strength of DPPH free radical scavenging activities of the extracts and compounds is in the order of: chloroform and methanol extracts > ethyl acetate extract > kaempfolienol (4) > hexane extract > 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) > zeylenol (5) > crotepoxide (2) > boesenboxide (1).
ABTS radical scavenging properties
ABTS is a decolourization assay based on the scavenging ability of antioxidant against long-life ABTS radical cation which is intensely coloured and generated by oxidation of ABTS with potassium persulfate. [22] ABTS radical cation was chromogenic redox reagent employed in the assay to monitor antioxidant reaction. The methanol extract showed the strongest free radical scavenging activity in ABTS assay with a value of 38.87 mg TE/g of extract (Table 1) . In ABTS assay, 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) exhibited the strongest activity followed by crotepoxide (2) with values of 42.23 mg TE/g and 41.46 mg TE/g respectively. Interestingly, kaempfolienol (4), which showed good DPPH radical scavenging activity, turns out to be weak in ABTS assay with a value of 28.00 mg TE/g. ABTS free radical scavenging activity of the extracts and compounds is in the order of 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) > crotepoxide (2) > methanol extract > boesenboxide (1) > kaempfolienol (4) > chloroform extract > kaempfolienol (4) > ethyl acetate extract > hexane extract.
CUPRAC reducing powers
CUPRAC is an assay based on the reduction of Cu 2+ to Cu + by antioxidant as the measurement for the evaluation of antioxidant properties of the sample with copper(II)-neocuproine (Cu(II)-Nc) as the transition metal-based chromophore. [22] In Table 1 , the CUPRAC assay showed that all the isolated compounds possess stronger antioxidant activities than the extracts with 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) as the most potent reducing agent with the value of 1497.22 mg TE/g. The CUPRAC reducing power of the extracts and compounds is ranked as: 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) > kaempfolienol (4) > boesenboxide (1) > crotepoxide (2) > zeylenol (5) > hexane extract > methanol extract > ethyl acetate extract > chloroform extract. -TPTZ by antioxidants for the evaluation of antioxidant properties of the sample with ferric-tripyridyltriazine (Fe(III)-TPTZ) as the transition metalbased chromophore. [22] As shown in Table 1 , the ethyl acetate extract showed the strongest reducing power in the FRAP assay with a value of 342.23 mg TE/g. In FRAP assay analysis, the chemical constituents showed good reducing antioxidant power with values more than 80 mg TE/g. Boesenboxide (1), crotepoxide (2), kaempfolienol (4), and zeylenol (5) showed good reducing powers with values of 149.24 mg TE/g, 241.71 mg TE/g, 100.13 mg TE/g, and 89.01 mg TE/g, respectively, whilst 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) showed relatively stronger reducing power than the others with a value of 781.53 mg TE/g. The FRAP reducing power of the extracts and compounds is ranked in the following order: 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) > ethyl acetate extract > chloroform extract > crotepoxide (2) > methanol extract > hexane extract > boesenboxide (1) > kaempfolienol (4) > zeylenol (5).
Discussion
Boesenboxide (1), crotepoxide (2), and zeylenol (5) are cyclohexane oxide derivatives which showed quasimolecular ions in liquid chromatography electrospray ionization mass spectrometry (LC-ESI-MS).
Boesenboxide (1) C NMR spectra of boesenboxide (1) and crotepoxide (2) were similar with a slight difference on the number of acetoxyl substituent present. Zeylenol (5) was slightly different from boesenboxide (1) and crotepoxide (2) with the presence of hydroxyl and benzoyloxy groups at C-2 and C-3, respectively, as well as the absence of epoxide group due to epoxide ring opening. Boesenboxide (1) and zeylenol (5) were found previously from K. angustifolia as new compounds. [17] Crotepoxide (2) was first isolated from Croton macrostachyus Hochst. Ex Del. as a novel cyclohexane diepoxide derivative with tumour-inhibitory property. [23] 2ˊ-Hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3), also known as flavokawain A, is an open ring flavonoid widely synthesized in the plant kingdom. [24] It showed a molecular ion M + peak at m/z 314 in electron impact mass spectrometry (EIMS) which indicated the molecular formula of C 18 H 18 O 5 with calculated molecular weight of 314.3318 g/mol. [13] The 1 H and 13 C NMR spectra of 2ʹ-hydroxy-4,4ʹ,6ʹ-trimethoxychalcone (3) showed three methoxyl groups integrating for three protons each resonating as singlets at δ 3.83 (4ˊ-OCH 3 ), 3.85 (4-OCH 3 ), and 3.91 (6ʹ-OCH 3 ) in the 1 H NMR spectrum, whilst the signal peaks of the three carbons of these methoxyl groups were seen at δ 55.38, 55.55, and 55.81 in the 13 C NMR spectrum. A singlet at δ 14.40 in the spectrum was assigned to the proton of the hydroxyl group (2ˊ-OH) in the compound. A pair of AAˊBBˊtype of doublet of doublets was observed in the 1 H NMR spectrum at δ 6.91 and 7.55 with coupling constants, J values of 2.7 and 9.1 Hz, which represented the paradisubstituted aromatic protons (H-2, H-3, H-5, and H-6). Two meta-coupled aromatic protons (H-3á nd H-5ˊ) in the compound were assigned to the doublets at δ 5.96 and 6.10 in the 1 H NMR spectrum with J = 1.8 Hz. 2ˊ-Hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) had been isolated previously as a new natural chalcone from Piper methysticum Forst. which acts as a yellow pigment. [25] Kaempfolienol (4) H-12) , and 1.64 (H-12), which is due to the nonequivalent methylene protons. In the 13 C NMR spectra of kaempfolienol (4), a signal peak at δ 45.0, with intensity that is onefold higher than other carbon peaks, was attributed by the overlapping of two carbons, C-3 and C-10, in the compound. Kaempfolienol (4) was a new compound that was isolated and identified first from the rhizomes of K. angustifolia. [26] Among all the compounds, 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) showed the most potent antioxidant properties in ABTS, CUPRAC, and FRAP assays, whilst kaempfolienol (4) exhibited the strongest antioxidant properties among the compounds in the DPPH assay, suggesting that these compounds fulfil the structural requirements for antioxidant properties. The presence of electron-rich groups such as hydroxy, methoxy, and carbonyl groups in 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) electrons. Moreover, the α-β unsaturated carbonyl moiety in 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) stabilizes the oxidized or radical state of the compound after the donation of electrons via delocalization of an unpaired electron into the π-conjugated system of the ring, which increases the tendency of the compound to donate electrons (Fig. 2) . The presence of hydroxyl and methoxyl groups also enhance the hydrogen-donating ability of 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) due to the low O-H and O-CH 3 bond dissociation energies of hydroxyl and methoxyl groups, respectively (Fig. 3) . [27] However, kaempfolienol (4) showed a relatively stronger antioxidant property than 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) in the DPPH assay, suggesting a lower O-H bond dissociation energy of hydroxyl groups in kaempfolienol (4) as compared to O-CH 3 bond in methoxyl groups of 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3). The presence of more hydroxyl groups in kaempfolienol (4) as compared to 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3) enhances the hydrogen-donating ability of compound 4, thus contributing to a stronger antioxidant properties of kaempfolienol (4) mechanism. The proposed chemical reaction between kaempfolienol (4) and DPPH free radical is shown in Fig. 4 . [18, 27] Meanwhile, crotepoxide (2) showed stronger antioxidant property than boesenboxide (1), suggesting that the presence of an electron-releasing group, the methyl group at 3-OCO position of compound 2, improves the electron-donating ability of the compound by increasing the electron density of the oxygen atom at 3-OCO position. In boesenboxide (1), the presence of an electronwithdrawing group, the phenyl group, reduces the electron density of the oxygen atom at 3-OCO position and thus decreases the electron-donating ability of the compound. Furthermore, the presence of the bulky phenyl group in boesenboxide (1) may also attenuate the antioxidant properties of the compound due to the steric hindrance factor (Fig. 5, Fig. 6 ). In CUPRAC assay, Cu 2+ ion has a lower redox potential than Fe 3+ which makes the Cu 2+ ion harder to be reduced as compared to Fe 3+ ion. This is due to the higher stability of Cu 2+ as compared to Cu + . Therefore, the stability of the oxidized state of the compound may be the main factor that determines the antioxidant strengths of each compound in the CUPRAC assay. In the CUPRAC assay, boesenboxide (1) displayed stronger antioxidant properties than crotepoxide (2) , suggesting that the oxidized state of boesenboxide (1) is stable than the oxidized state of crotepoxide (2) (Fig. 7) . This phenomenon could be due to the presence of a phenyl group at 3-OCO position of boesenboxide (1), which is absent in crotepoxide (2), which enhances the stability of the oxidized state of the compound by delocalization of unpaired electron into the π-conjugated system of the ring. [22] Based on the results, zeylenol (5) showed the weakest antioxidant property among the compounds in ABTS, CUPRAC, and FRAP assays, suggesting the possibility of the presence of the least number of oxygen atoms as compared to other compounds in the plant, which reduces the ability of zeylenol (5) to donate electron as compared to other compounds. However, zeylenol (5) displayed moderate antioxidant properties in DPPH assay, which suggested that the presence of hydroxyl group in the compound acts as hydrogen-atom donor and thus enhances the antioxidant properties (Fig. 8) .
On the basis of this result, compounds bearing hydroxyl groups such as 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone (3), kaempfolienol (4), and zeylenol (5) showed relatively strong antioxidant properties in DPPH assay than those without hydroxyl groups such as boesenboxide (1) and crotepoxide (2) , suggesting the DPPH assay in the study is HAT mechanism dominant. Contrarily, kaempfolienol (4) and zeylenol (5) showed weaker antioxidant properties among the compounds in the ABTS assay, indicating that the ABTS assay in the study is SET mechanism dominant. [18, 27] In summary, the antioxidant properties of the chemical constituents are closely related to their chemical structures and substituents, in which these criteria define the stability of the oxidized or free radical state of the compound and the ability of the compound to donate an electron or a hydrogen atom. Hence, the high electron density oxygen atom and conjugated π-bond system are suggested to be the main factors that contribute to the strong antioxidant properties of the compound. [28] Conclusion Kaempferia angustifolia Rosc. had been used widely by locals as medicine for the treatment of cold, stomach ache, dysentery, and cough as well as masticatory. [13] In this study, the plant extracts exhibited strong antioxidant properties in DPPH, ABTS, CUPRAC, and FRAP assays, which further support its wide applicability for medicine treatments. The chemical constituents afforded from the plant extracts revealed 2ˊ-hydroxy-4,4ˊ,6ˊ-trimethoxychalcone and kaempfolienol as the potent free radical scavengers, suggesting the potential of these compounds to be developed as pharmaceutical drug, particularly for treatment of degenerative diseases. Extended work on the biological effects of these bioactive compounds in vivo such as bioavailability, and temporal and spatial distribution of these compounds in the body will be carried out to provide fundamental knowledge to correlate the health-promoting effects of these compounds. Figure 7 . The proposed chemical reaction of boesenboxide (1) (A) and crotepoxide (2) (B) in antioxidant assay CUPRAC via SET mechanism.
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